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Abstract 
This study investigates rabbit ovarian mesothelial 
(OM) cells exposed in vitro to a crude corpus luteum ex-
tract (CLE; 60 µ.g/ml). The growth of OM cells was 
evaluated by measuring the change in cell number 
(mean % ± standard error of mean, SEM), the number 
of cell population doublings (CPD ± SEM), and the cell 
population doubling time in hours (CPDT ± SEM) after 
7 .5 days of culture in a serum-poor medium. Quantita-
tive estimates of surface morphology changes were ob-
tained by analyzing th;; total number (mean no. ± 
SEM), density (mean no./100 µ.m2 ± SEM), and length-
to-diameter ratio (mean LID ± SEM) of microvilli. 
OM cells in control medium formed loosely cohesive 
monolayers, and grew 152.53 ± 11.01 % with a CPD of 
0.59 ± 0.08andaCPDTof117.29 ± 6.43hours. The 
exposed surface area of these cells was over 8,000 µ.m2 
and was covered in its epinuclear region by long and 
slender microvilli with a LID of 6.01 ± 0.29. The total 
number of microvilli in each control cell was 1977.52 ± 
120.49 with a density of 0.58 ± 0.03/100 µ.m2 in the 
epinuclear region and of 0.05 ± 0.003/150 µ.m2 in the 
remaining surface area (5,161.62 ± 354.43 µ.m2). In 
contrast, CLE-rich cells cultures grew 329.57 ± 
16.65%, with a CPD of 1.71 ± 0.07 and a CPDT of 
53.43 + 2.93 hours. These cells formed confluent mon-
olayer;of smaller (2104.86 ± 103.71 µ.m2), tightly jux-
taposed epithelioid cells with a microvillar density of 
0.70 ± 0.03/100 µ.m2 in over 78% of their surface. 
These data support the existence of an intra-ovarian 
"factor" capable of enhancing growth and differentiation 
of OM cells. 
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Introduction 
The mammalian ovary is covered by a modified 
mesothelium which derives from the celomic epithelium 
covering the gonadal anlage (Blaustein, 1981). The reg-
ulation of this mesothelium is poorly understood in spite 
of its significance in reproduction and cancer (Yv oodruff, 
1979; Nicosia and Nicosia, 1988). Several morphologi-
cal observations have shown that the ovarian mesotheli-
um (OM) is a dynamic tissue which undergoes morpho-
genetic changes throughout life (Van Blerkom and 
Motta, 1979; Nicosia, 1987). We have shown that the 
OM undergoes a polarized wave of DNA synthesis and 
morphogenesis after ovulation (Osterholzer et al., 
1985a). The observation that these changes are mostly 
confined to epiovulatory points has led us to hypothesize 
the existence of underlying growth signals mediating 
such polarized response. This hypothesis has been con-
firmed by the demonstration of a growth-stimulating ac-
tivity for OM cells in a crude tissue extract of corpora 
lutea (Nicosia and Saunders, 1986). We now report our 
observations on the effects of this tissue extract on the 
growth characteristics and surface morphology of OM 
cells. 
Materials and Methods 
Animals 
New Zealand white estrous female rabbits (age 4-5 
months) were the source of OM cells. Animals weighed 
2-3 kg and were individually isolated for a least 3 weeks 
prior to sacrifice by pentobarbital overdose (110 mg/kg 
body weight). 
Ovarian mesothelium (OM) isolation 
Immediately after removal, ovaries were rinsed in 
Hank's solution (HBSS) containing penicillin (200 U/ml) 
and streptomycin (200 µ.g/ml). Four ovaries were used 
to initiate each culture. After rinsing, ovaries were in-
cubated in 300 U/ml of Clostridium histolyticum colla-
genase, Type I (Sigma Chemical Co., St. Louis, MO) 
dissolved in medium 199 (GIBCO, Grand Island, NY) 



























containing 5 % heat-inactivated rabbit serum and anti-
biotics (penicillin, 200 U/ml; streptomycin, 200 µg/ml). 
Incubation was carried out for 60 minutes at 70 revolu-
tions per minute (rpm) under a 5 % CO2-95 % air atmo-
sphere. Following incubation, ovaries were resuspended 
in 10 ml of medium 199 and transferred into a 10 ml 
plastic dish where removal of partially detached OM was 
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Figure IA-IC (at left). Effects of corpus luteum ex-
tract on growth parameters of rabbit ovarian mesothelial 
cell cultures (N = 12). CLE (60 µg/ml) was added at 
the time of cell plating as well as at each change of 
medium. As controls, replicate cultures received only 
extract-free culture medium containing an equivalent 
amount of rabbit serum proteins. After 7 .5 days, cells 
were counted and changes in cell number (IA), number 
of cell population doublings or CPD (lB) and doubling 
time in hour or CPDT (lC), were evaluated. Note a 
significant 2-fold increase in cell number and CPD as 
well as a more than halved CPDT in presence of CLE. 
* = p < 0.001. 
completed by gently scraping with a No. 11 surgical 
blade under a dissecting microscope operated at 15X 
(Nicosia et al., 1984). The mesothelial fragments and 
organoids obtained by this combined collagenase and 
mechanical dissection procedure were separated from 
other tissue contaminants by unit gravity sedimentation 
on a 5 % bovine serum albumin cushion and further dis-
sociated into single cells by incubation for 30 minutes in 
0.05 % trypsin-0.02 % ethylene-diamine-tetraacetic acid 
(GIBCO). 
OM Cell Culture 
OM cells were plated at an original density of 2 X 
105 cells/T 25 plastic flasks (Falcon, Cokeysville, MD). 
In order to minimize the possibility of the confounding 
effects of serum, cells were maintained in antibiotic-rich 
medium 199 containing progressively decreasing concen-
trations of fetal bovine serum (GIBCO) as follows: 
Days 0-2.5 = 15%; Days 2.5-5 = 2%; and Days 5-7.5 
= 0.5%. Crude corpus luteum extract (CLE; 60 µg) 
was added at each change of medium (Days 2.5 and 
5 .5). All cultures were done in duplicate and inter-
rupted at Day 7.5 of culture. After determining the plat-
ing efficiency, cell growth in both control and experi-
mental vessels was evaluated by assessing the percent 
change in cell number, the number of cell population 
doublings (CPD), as well as the cell population doubling 
time in hours (CPDT) (Fisher et al., 1975; Wu and 
Smith, 1982). Growth values were expressed as mean 
± SEM and statistically evaluated by analysis of 
variance. 
Preparation of corpus luteum tissue (CLE) extract 
Corpora lutea (N = 40) were obtained from five 
NZW rabbits 5 days after induction of ovulation with 50 
intravenous (i.v.) of human chorionic gonadotropin 
(Sigma). These structures (5-6/ovary) were freed from 
surrounding ovarian cortical tissue, transferred into a 
glass tube containing 1 ml of medium 199, and mechan-
ically homogenized. The entire homogenate was then 
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Figure 2. Phase contrast (A) and surface (B) morphol-
ogy of rabbit ovarian mesothelial cells grown in control 
culture medium alone. Note large cell diameters and 
lack of confluence in a 7-day-old culture. Microvilli are 
characteristically clustered in the central region of the 
cell surface overlying the nucleus (B, arrow). Note also 
the presence in some cells of numerous blebs, patches 
and filopodia at the cell border (C-D). Microvilli 
(arrowheads) appear as slender structures separated by 
a plasmalemma with occasional pits or invaginations (E, 
arrows). Bars = 10 /lm (A-D); and 1 /lm (E). 
centrifuged in a Beckman ultracentrifuge at 40,000 g at 
4 ° for 1 hour and the entire supernatant sieved and 
sterilized through a 0.22 /lm Millipore filter. 
Morphological studies 
Ovarian mesothelial cell morphology was monitored 
during culture by phase-contrast microscopy in a Labo-
vert Leitz microscope. For evaluation of surface mor-
phology changes, OM cultures were rinsed in serum-free 
medium 199 at 37°C, fixed for 2-4 hours in 2.5% 
glutaraldehyde in 0.1 M phosphate buffer, pH 7.2, and 
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Figure 3. Phase contrast (A) and surface (B-D) morphology of rabbit ovarian mesothelial cells cultured in presence 
of CLE. Note a cohesive, epithelial-like monolayer in a 7-day-old culture (A). Most of the cell surface exposed to 
the culture medium is covered by microvilli leaving only a variable but small microvilli-poor area (B, arrow). Note 
a smooth cell border with interdigitating microvilli (C, arrow). Note also numerous microvilli (arrowheads) rn a 
microvilli-rich area containing frequent intervillar pits (D, arrows). Bars = 10 µm (A-C); and 1 µm (D). 
post-fixed in 1 % osmium tetroxide at 4 °C for 1 hour. 
After three buffer rinses, the cell-bearing bottom of each 
culture flask was sawed off into approximately 1 cm 
squares (Nicosia et al., 1985). Each resulting square 
was rinsed in buffer, dehydrated in a graduated series of 
ethanol, and critical point-dried in a Denton device using 
liquid CO2 as an exchange medium. Squares were 
mounted on aluminum stubs with silver paint and sput-
ter-coated on a Polaron device with an approximately 15 
nm-thick layer of gold-palladium. Cells were then 
viewed in a JEOL JSM-35 scanning electron microscope 
operated at an accelerating voltage of 10 kV and with a 
stage tilt of 60°. Photographs were recorded on 
Polaroid type 55 PIN film. 
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In order to quantitate surface changes in control and 
CLE-enriched OM cells, the following morphologic 
measurements were obtained: (a) total exposed surface 
cell area in µm 2; (b) microvilli-rich area in µm 2 ; (c) 
microvilli-poor area in µm 2; (d) total number of micro-
villi/cell; (e) number of microvilli/100 µm 2 of total sur-
face area as well as of microvilli-rich and poor areas; (f) 
length-to-diameter (LID) ratio of microvilli. 
Morphometric measurements were done directly on 
Polaroid prints placed under a Wild M 3Z dissecting 
microscope at 20X magnification. For estimation of cell 
surface area as well as of micro villi number and density, 
photographs were taken at 0° tilt and at a magnification 
of l,000X or 2,000X, respectively. For evaluation of 
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Table 1. Effect of CLE on cultured ovarian mesothelial cell morphometry (N = 25 cells/group). 
Surface area Control (mean µm 2 ± SEM) CLE (mean µm 2 ± SEM) p 
Total exposed surface 8162.84 ± 405.20 2104.86 ± 103.71 < 0.001 
Microvilli-rich 2928.46 ± 167.30 1656.44 ± 88.14 < 0.001 
Microvilli-poor 5161.62 ± 354.43 448.42 ± 29.77 < 0.001 
Ratio of Microvilli-rich / Microvilli-poor 0.56 3.7 
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Figure 4. Effect of CLE on number (A) and density (B) of microvilli in ovarian mesothelial cells (N = 25/group) 
cultured without and with CLE. Control cells display a higher number of surface microvilli due to their larger ~urface 
area. However, note that the overall density of surface microvilli is significantly higher in ovarian mesothelial cells 
exposed to corpus luteum extract. * = p < 0.001. 
relative microvilli LID ratio, photographs were taken at 
60° tilt and at 10,000X magnification. Results were ex-
pressed as mean values ± SEM and statistically evalu-
ated by analysis of variance. 
Results 
OM cells grown in medium progressively deprived 
of serum exhibited a sluggish growth with only a 1.5-
fold increase in cell number and mean CPD of 0.59 and 
CPDT of 117 hours (Figs. lA-1 C). In contrast, OM 
cells exposed to crude CLE grew over 3-fold and under-
went more than 1. 7 CPD with a CPDT of less than 54 
hours (Figs. lA-lC). OM cells grown in control medi-
um alone attached to the culture vessel within 24-36 
hours, and by Day 3, began to form small, 2-3 cell dis-
hesive monolayers with a predominantly elongated, fi-
broblastoid cell morphology. These cells then developed 
a larger and flat epithelioid morphology with a low 
nucleo-cytoplasmic ratio (Fig. 2A) and formed loosely 
cohesive monolayers with only occasional rounding sug-
gestive of occurring mitosis. Under scanning electron 
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microscopy, the surface of all control cells displayed a 
higher concentration of microvilli in the central portion 
of the cell corresponding to underlying nuclear and peri-
nuclear regions (Fig. 2B). This phenomenon contributed 
to the formation of a central, microvilli-rich surface and 
of a more peripheral, microvilli-poor surface. Frequent-
ly, the marginal cell membrane developed prominent 
blebs as well as characteristic 2-4 µm wide membranous 
patches and filopodia (Figs. 2C and 2D). Microvilli in 
the central cell surface region were evenly dispersed and 
separated by a plasmalemma which contained scattered 
surface pits (Fig. 2E). 
In contrast with control cells, OM cells grown in the 
presence of CLE assumed an epithelioid morphology as 
early as Day 3; by Day 5, cells formed confluent mono-
layers characterized by smaller, highly-cohesive cells 
with a higher nucleo-cytoplasmic ratio than control cells 
(Fig. 3A). Cell rounding suggestive of occurring mito-
sis and frequent metaphase figures were observed during 
the last 4 days of culture. At this time, the surface of 
OM cells was covered by numerous microvilli except for 
small microvilli-poor peripheral regions (Figs. 3B and 
S.V. Nicosia, R.J. Narconis and B.O. Saunders 
3C). The marginal cytoplasm of these cells was usually 
deprived of blebs, patches, and filopodia except in occa-
sional single cells or in cells at the outer edge of mono-
layers. As in control cells, the microvilli of CLE-en-
riched cells were uniformly distributed but were sepa-
rated by a plasmalemma containing numerous surface 
pits (Fig. 3D). 
The qualitative morphological observations reported 
above were also corroborated by quantitative estimates 
of OM surface parameters in control and CLE-enriched 
media. Thus, the exposed surface area was over 8000 
µ,m2 in control OM cells but only slightly over 2000 
µ,m2 in CLE-enriched cells (Table 1). Due to their lar-
ger surface area, the total number of microvilli was sig-
nificantly higher in control than in CLE-enriched OM 
cells (Fig. 4A). However, when the overall density of 
microvilli was considered, the latter cells displayed al-
most 60 microvi!li/100 µ,m2, representing a more than 2-
fold increase over control cells (Fig. 4B). The micro-
villar density of CLE-enriched cells was significantly 
higher in both microvilli-poor and microvilli-rich surface 
areas (Figs. 5). Interestingly, microvilli of control cells 
exhibited a L/D ratio of 6 in contrast to a corresponding 
value of slightly over 3 in CLE-enriched cells (Fig. 6). 
Discussion 
In this study, primary cultures of rabbit OM cells 
were used to evaluate the effects of a 5-day-old corpus 
luteum tissue extract (Nicosia and Saunders, 1988). The 
results of this study can be summarized as follows: (a) 
rabbit corpora lutea contain a growth-stimulating activity 
for OM cells; (b) the growth effect of CLE is associated 
with the development of a cohesive and epithelioid 
growth pattern; and (c) CLE facilitates a microvillar 
differentiation of OM cell surfaces similar to that of 
their native counterparts. 
Changes in OM cell density are known to occur at 
various stages of the life cycle as well as during some 
pathological conditions (Gondos, 1975; Anderson et al., 
1976; Hafez et al., 1980; Motta et al., 1980). Mor-
phogenetic changes in OM cell surface have also been 
described and presumed to represent epigenetic expres-
sions of the cell cycle (Anderson et al., 1976; Van 
Blerkom and Motta, 1979; Hafez et al., 1980; Motta et 
al., 1980). These variations have been attributed to 
ovarian or extraovarian hormonal influences (Papadaki 
and Beilby, 1971; Gondos, 1975; Anderson et al., 1976; 
Van Blerkom and Motta, 1979; Gaede et al., 1985; 
Osterholzer et al., 1985b; Nicosia, 1987) as well as to 
irritative or neoplastic stimuli (Nicosia and Johnson, 
1984a; Nicosia and Nicosia, 1988; Gillett et al., 1991). 
Additional studies in our laboratory indicate the exist-
ence of a macromolecular growth-stimulating activity for 
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OM cells with spatially restricted and temporally finite 
characteristics (Nicosia and Saunders, 1988; Nicosia et 
al., 1989, 1991). This "factor" is low in pre-ovulatory, 
ovulatory, or immediate! y post-ovulatory follicles. 
However, it is highly expressed in corpora lutea between 
Days 5 and 18 with peak activity at Day 12, and it is not 
measurable elsewhere in the ovarian cortex throughout 
the same post-ovulatory period (Nicosia and Saunders, 
1988). In addition to causing characteristic surface mor-
phology changes in cultured OM cells as shown in this 
study, the life span of such a "factor" correlates with 
previously observed morphogenetic changes in the native 
OM (Motta et al., 1980). Here, multicellular villus pro-
cesses form on the apex of ovulated follicles and in-
crease in number after ovulation in a manner closely 
paralleling the onset, nadir, and decline of the corpus 
luteum "factor" (Nicosia et al., 1989). 
OM cells both in vivo and in vitro aggregate to form 
continuous and cohesive monolayers under conditions fa-
voring proliferation (Blaustein, 1981; Auersberg et al., 
1984; Nicosia and Johnson, 1984b; Nicosia et al., 
1985). Under these conditions, both native and cultured 
OM cells are characterized by numerous and uniformly 
distributed microvilli and frequent pinocytotic invagina-
tions or pits (Anderson et al., 1976; Van Blerkom and 
Motta, 1979; Nicosia et al., 1985; Nicosia and Nicosia, 
1988). These surface attributes are similar to those 
described for extraovarian mesothelia (Odor, 1954; 
Baradi and Hope, 1964). In the present study, OM cells 
were grown in a serum-deprived environment. Under 
these conditions, CLE was able to induce the establish-
ment of monolayers with cell density and surface differ-
entiation similar to those observed in native cells as well 
as in cells cultured under unrestricted serum conditions 
(Nicosia et al., 1985). The possibility that such differ-
entiation may have been induced by serum contaminants 
present in the original CLE was discarded due to the 
absence of similar changes in control cultures exposed to 
equivalent amounts of rabbit serum proteins. 
The interaction between cell surface structures and 
underlying cytoplasmic or nuclear events has been 
known for some time (O'Neill and Follett, 1970; Pugh-
Humphreys and Sinclair, 1970; Porter et al., 1973; 
Rubin and Eberhart, 1973; Edelman, 1977; Nicosia et 
al., 1977). Using synchronized Chinese hamster ovarian 
cells, Porter et al. (1973) and Rubin and Eberhart 
(1973) suggested that the expression of microvilli is a 
function of cell cycle and is indirectly related to cell 
density and contact inhibition. Thus, microvilli as well 
as blebs are more frequent in cells during the pre- and 
post-mitotic phases of the cell cycle, are less frequent 
during the DNA synthetic phase, and decrease in num-
ber once cell-to-cell contact is established. Microvilli 
density also seems to be inversely related to intracellular 
Corpus Luteum Extract and Ovarian Mesothelial Cells 
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Figure 5. Density of surface microvilli in microvilli-
rich and microvilli-poor surface areas of control and 
CLE-treated OM cells (N = 25/group). The latter 
group exhibits a significantly higher density of surface 
microvilli not only in microvilli-poor areas but also in 
microvilli-richareas. * = p < 0.001. 
levels of cAMP (Otten et al., 1971; Carley et al., 
1976). In this study, a direct correlation between the 
frequency of surface microvilli and cell cycle events was 
not attempted. However, while OM cells undergoing 
mitosis were obviously rich in microvilli, a similar or 
higher microvillar density was observed in confluent cell 
monolayers lacking mitotic figures and exhibiting contact 
inhibition. Therefore, we interpret such a rich microvil-
lar surface morphology to be a reflection of cell differ-
entiation rather than a direct consequence of cell cycle 
events. Indeed, increased microvilli may play a permis-
sive role in the establishment of a cell surface configu-
ration facilitating cell association (Vergara et al., 1977). 
Microvilli-rich OM cell surface regions appeared 
topographically related to underlying nuclear regions and 
presumably organelle-rich cytoplasmic areas more fre-
quently in control than in CLE-treated cells. Such a 
phenomenon points to the role of microvilli not only as 
repositories of excessive cell membranes but also as sur-
face components sensitive to inter- and intracellular cues 
(Goldman et al., 1973; Carley et al., 1976; Edelman, 
1977; Nicosia et al., 1977; Raub and Roberts, 1986). 
Separate studies have also shown that both native and 
cultured ovarian and extraovarian mesothelial cells are 
rich in cytoskeletal filaments (LaRocca and Rheinwald, 
1984; Czemobilsky et al., 1985; Nicosia et al., 1985; 
Nicosia and Nicosia, 1988). It remains to be seen if 
such structures play a role in the morphogenesis of sur-
face events observed in CLE-enriched OM cells as they 
















Figure 6. Length-to-diameter ratio of surface microvilli 
cultured OM cells (N = SO/group). CLE-exposed cells 
display significantly coarser microvilli than control cells. 
* = p < 0.001. 
OM cells exposed to CLE developed coarser micro-
villi than control cells. This observation is of some 
interest since extraovarian benign and malignant meso-
thelial cells are known to possess slender microvilli with 
a higher LID ratio than OM cells (Warhol et al., 1982). 
Based on a close topographical relationship during em-
bryogenesis between the ovarian mesothelium and Miil-
lerian duct epithelia, it has also been postulated that the 
OM, as other reproductive tissues, is responsive to hor-
monal and non-hormonal stimuli (Lauchlan, 1972). Al-
though speculative at this time, it is tempting to surmise 
that the microvillar morphology of CLE-enriched cells 
may in itself represent a result of Milllerian modulation. 
Recent studies aimed at characterizing the CLE activity 
indicate that luteal cells express the genes and gene 
products for a number of growth factors with variable 
affinity for heparin including basic and acidic fibro-
blastic growth factors, epidermal growth factor, and 
platelet growth factor (Nicosia et al., 1991, 1993). 
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Discussion with Reviewers 
K.G. Gould: What steps have you taken to ensure that 
the observed results are not the effect of hormones pre-
sent in the CLE, as opposed to being the effect of the 
specific growth factor(s) mentioned? 
Authors: Previous work in our laboratory has shown 
that the cell growth stimulating activity of CLE resists 
charcoal extraction, is inactivated by heat and proteoly-
sis, and is macromolecular in nature (Nicosia and 
Saunders, 1989). More recent work indicates that CLE 
growth factors with and without affinity for heparin 
stimulate in vitro the growth of ovarian mesothelial cells 
(Nicosia et al., 1991, 1993). 
K.G. Gould: Please explain what methods and equip-
ment were used to compile morphometric measurements. 
Authors: Morphometric evaluation of microvilli num-
ber and density as well as of microvilli length:diameter 
ratio were taken directly from Polaroids prints of micro-
photographs taken at the same magnification for each 
individual measurement. Measurements were taken un-
der a dissecting microscope at 20 x magnification in or-
der to facilitate visual identification of microvilli. 
H. Verhage: Could you be more specific about the 
CLE? Were nuclei intact in your 40,000 g pellet? 
Authors: The CLE represented a crude extract obtained 
from tissue homogenization. No intact nuclei were pre-
sent in the supernatant after ultracentrifugation. As 
mentioned in reply to Dr. Gould above, CLE superna-
tants contain heparin-binding and non-binding _growth 
factors (Nicosia and Saunders, 1989; Nicosia et al., 
1991, 1993). 
H. Verhage: You mentioned in the Discussion that 
other ovarian compartments were devoid of the CLE 
"factor". Have you tried ovarian extracts obtained from 
immature rabbits, or ovarian stromal extracts from any 
age rabbit, or extract from other reproductive (i.e., 
oviduct, uterus) or non-reproductive tract tissue? 
Authors: Crude tissue extracts of corpora lutea free 
rabbit ovaries as well as of rabbit uterus, fallopian tube 
and kidneys do not stimulate cultured ovarian mesothe-
lial cells (Nicosia and Saunders, 1989). We have not 
yet tested the activity of tissue extracts obtained from 
immature ovaries. 
H. Verhage: Have you compared, or are you planning 
to compare, the ultrastructural characteristics of control 
and CLE exposed cells using TEM? 
Authors: We have not yet systematically evaluated by 
TEM the ultrastructural cytology of control and CLE-
treated ovarian mesothelial cells. It would be important 
S.V. Nicosia, R.J. Narconis and B.O. Saunders 
to do so particularly to correlate some of the cell surface 
differences described in the present communication with 
underlying ectoplasmic changes. 
W.H. Wilborn: Could you include a few transmission 
electron micrographs to show the intracellular responses 
and explain how they correlate with your findings by 
scanning electron microscopy? It would be especially 
interesting to see the "underlying nuclear regions and 
organelle-rich cytoplasmic areas" that you described. 
Authors: As mentioned above, we have not yet accu-
mulated significant transmission electron microscopy 
(TEM) ultrastructural documentation of changes in CLE-
treated cells. Cell surface areas of control cells appear 
related to underlying nuclear regions easily identifiable 
as subplasmalernmal mounds (see Figs. 2B and 2C). 
We are only suggesting that such nuclear regions are 
rich in organelles by similarity with other cultured cells 
(Porter et al., 1973; Pugh-Humphreys and Sinclair, 
1970). As stated in the text, an association between mi-
crovilli-rich surface areas and underlying nuclear regions 
is noted less frequently in CLE-treated cells where 
microvilli occupy large surface regions. 
W.H. Wilborn: It is possible to damage cells by heat 
and/or desiccation when sawing the bottoms of the flasks 
into 1 cm squares as you have described in your meth-
ods. Without the benefit of TEM, it is difficult to fully 
appreciate the injury and artifacts that might be present. 
Would you comment on the precautions you took to 
avoid these pitfalls? 
Authors: Squares were cut with a high frequency rota-
ry saw after appropriate cell fixation. Under these con-
ditions, we did not notice any significant cell damage ex-
cept in areas immediately adjacent to the cut plastic. As 
utilized in previous TEM studies (Nicosia et al., 1985), 
fixed cell monolayers could be obtained by rapid expo-
sure to acetone after scoring the plastic substrate in 
order to avoid possible heat or desiccation damage. 
W.H. Wilborn: It seems to me that the relative LID 
ratio for microvilli, as you obtained by using the scan-
ning electron microscopy at a tilt angle of 60°, might be 
accurate only if all microvilli arose from the cell surface 
at precisely the same angle. Since we know that the lat-
ter is not the case, do you think that the LID ratio could 
be used reliably to evaluate populations of microvilli 
where differences would be less subtle than between the 
groups you measured? 
Authors: Your point is very well taken. In the present 
study, measurements of microvillar LID ratio were more 
conveniently taken at 60° tilt because at this angle most 
microvilli were seen longitudinally and not "on face". 
Although, we think that meaningful average data were 
obtained using this approach, it is possible that some 
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microvilli may have not been accurately measured and 
subtle intergroup changes not clearly detected. 
W.H. Wilborn: The peripheral blebs in Figure 2C are 
interesting. What do they contain? 
Authors: Although TEM was not utilized in the present 
study, previous information indicate that similar blebs 
may be related to cell endocytosis (Van Blerkom and 
Motta, 1977; pp. 6, 59 and 94). 
W.H. Wilborn: What is the significance of the intervil-
lar pits depicted in Figures 2E and 3D in their legends? 
Authors: We do not know the significance of intervillar 
pits since correlative scanning-transmission EM studies 
were not carried out in this study. Other investigators 
have suggested that pits open into cortical caveolae and 
may thus be related to internalization of molecules 
(Anderson et al., 1976). 
P.M. Motta: Figure 3B does not appear to have the 
same magnification as that of Figures 2B, 2C and 2D. 
Even if it has the same magnification, a qualitative 
comparison of Figure 2B and Figure 3B (CLE-enriched) 
does not indicate a larger surface area in control cells 
nor a larger number of total microvilli in the same type 
of cells. 
Authors: The magnifications for Figures 2B-2D and 3B 
are identical (lO0X). The cells displayed in Figure 2B 
were chosen primarily to highlight the finding of epinu-
clear distribution of microvilli in control cells. How-
ever, the difference in cell size between experimental 
groups can be well appreciated by comparing the identi-
cally magnified phase-contrast micrographs of live 
control (Fig. 2A) and CLE-treated (Fig. 3A) cells. 
P.M. Motta: It is rather difficult to accept the 
intriguing postulate that the ovarian surface epithelium 
corresponds to a Miillerian derivative. As far as is 
known, the Fallopian tubes, the uterus and various vagi-
nal segments originate from the Miillerian or parameso-
nephric ducts. The ovarian surface epithelium is rather 
a derivative of the coelomic epithelium. Therefore, the 
hypothesis is speculative and doubtful. 
Authors: Lauchlan (1972) has discussed the concept of 
the "secondary Miillerian system" which he referred to 
as an epithelium of serous (tubal), endometrial or endo-
cervical type found beyond the lining of classical 
Miillerian derivatives and observed most commonly on 
the surface of the ovaries and the pelvic peritoneum. 
Our hypothesis, that the effect of the CLE on the micro-
villar morphology of OM cells may be indicative of 
Miillerian modulation, is based on Lauchlan's concept 
and clearly needs to be verified by appropriate 
embryological studies. 
